We study the relationship between growth and variability in a DSGE model with nominal rigidities and growth driven by learning-by-doing. We show that this relationship may be positive or negative depending on the impulse source of fluctuations A key role is also played by the Frisch elasticity of labour supply and by institutional features of the labour market. Our general findings are that monetary shocks volatility will generally have a negative effect on growth, while the opposite tends to be true for fiscal and productivity shocks. These findings are somehow consistent with the existing empirical evidence: data show, in fact, a somewhat ambiguous relationship between output growth and real variability, but a generally negative relationship between output growth and nominal variability.
Introduction
In macroeconomics growth and business cycles have been considered as two separate areas of research. In this paper we attempt to bridge these two areas by proposing a model of endogenous growth that gives a central position to uncertainty.
Until the 1980's macroeconomists regarded short-term economic fluctuations (or business cycles) as deviations around a smooth and stable trend growth path of GDP. Nelson and Plosser (1982) started a debate on the by now accepted fact that output does not show a strong tendency to return to trend after a shock: this fact questions the separation between growth and business cycles analysis. Indeed, the evidence on the persistence of the output process was interpreted by real business cycle theorists as a sign of the nature of the disturbances that caused business cycles, i.e. technological
shocks. An alternative explanation to the high persistence of fluctuations comes from models where growth is endogenous: in fact a generally neglected key implication of these models, which are often deterministic, is that any temporary disturbance that has an effect on the amount of growth-enhancing activities can produce permanent effects on the level of output.
Further evidence of a link between growth and cycles is provided by a number of empirical studies which report statistically significant correlations between output growth and output volatility using various cross-section and time series data. Following the seminal paper by Ramey and Ramey (1995) , cross-country studies have consistently found that volatility exerts a significant negative impact on long-run (trend) growth, which is however stronger in poorer countries (see Martin A careful examination of the problems of the different approaches is offered in the overview by Temple (2000) . Finally, using multivariate GARCH models, Grier et al. The existence of a relationship between growth and volatility has important policy implications as it suggests the possibility that policies designed to stabilize short-run fluctuations might also affect the long-run performance of the economy. Depending on whether this relationship is negative or positive, there is the presumption that successful stabilization would also entail either an improvement or deterioration in growth prospects. The potential significance of this is obvious, especially considering that it takes only small changes in the growth rate to produce substantial cumulative gains or losses in output.
It is therefore unsurprising that the relationship between growth and cycles is also receiving an increasing attention in the theoretical literature. 1 In the so called 'schumpeterian' approach recessions have a positive impact on growth by reducing the opportunity cost of technological improvements. Aghion and Banerjee (2005) note that in this type of models the relationship between volatility and growth is likely to be positive. The relationship will become negative if credit constraints are pervasive, so that R&D has to be financed by current profits, a condition more relevant for developing countries. However this view is challenged by the empirical evidence on the procyclicality of R&D expenses (see Walde and Woitek 2004 and Barlevy 2007 ) in developed countries. In 'arrovian' models where growth takes the form of learning-by-doing, re-vived by Romer (1986) , recessions have a negative effect on growth (e.g. Blackburn 1999, Pelloni 1997 and Stadler 1990) . Martin and Rogers (1997) and (2000), Blackburn and Galindev (2003) , show that when knowledge (embodied or disembodied) accumulation externality works only through labour, volatility will be detrimental to growth.
However, De Hek (1999), going back to Romer's (1986) While all these papers assume price flexibility, Blackburn and Pelloni (2004) and (2005) propose a model with technologyà la Romer (1986) where money enters the utility function and there is nominal wage-setting by unions. They derive a negative relationship between growth and the volatility of nominal shocks and a positive relationship between growth and the volatility of shocks to the rate of subjective time discount.
In this paper we confirm their insight that the sign of the link between growth and volatility may depend on the nature of the shocks. However, we use less restrictive assumptions and find many new results.
First, we show that an important parameter in determining the effects of increased uncertainty is the Frisch (compensated) elasticity of labour supply (FELS). 2 We consider both the case of a competitive labour market and of nominal wage setting, and include fiscal and technology shocks as well as monetary shocks. In all cases we consider how the persistence of the shocks is affecting the results.
In line with the existing literature, we assume a trend growth rate for money subject to stochastic shocks, while the ratio between public expenditure and consumption is constant and also subject to stochastic shocks. Of course many alternative assumptions could be introduced as regards the conduct of fiscal and monetary policies: 3 we have chosen these hypotheses because they are best suited to understand some mechanisms connecting growth and volatility and to elucidate whether there could be a conflict between long run and short run objectives, thus providing a conceptual basis for the formulation of optimal policies. Under our simple assumptions we find that with nominal rigidity monetary shocks volatility will generally have a negative effect on growth, which however becomes positive when the FELS is high. Uncertainty due to technology shocks leads to higher long-run growth than in a deterministic environment, however the effect is lower the lower is the FELS. Moreover for given variance of the shocks, a higher autocorrelation coefficient in the process governing the shocks will, above a certain threshold, induce a lower average and a higher variance of growth:
this means that even if uncertainty increases growth, a negative relationship between growth and its volatility is likely to be observed generating results that are in general 2 A parameter that measures the elasticity of total effort with respect to its return is found to influence the relationship between growth and volatility when the utility of leisure is a linear function of human capital by Blackburn and Varvarigos (2008) . 3 The setting of a fixed rate of increase for money was a popular approach to monetary policy in the 1970s and 1980s. In the past two decades central banks have shifted towards Inflation targeting using the interest rate as an instrument. However, as stressed by Goodfriend (2002) there are several developments that may suggest a shift back from the interest rate to money aggregates as a policy instrument. First, progress in the payment system could make more difficult for a Central Bank to use just the short-term interest rate in the monetary transmission mechanism. Second, standard interest rate rules play no role when nominal interest rates hit the zero bound, as in the case of a Liquidity Trap. consistent with empirical evidence. This holds under both labour market organizations.
The effect of fiscal shocks volatility on growth is positive with a high elasticity of labour supply, but becomes negative when the elasticity is lower (but still consistent with empirical evidence), or when, for a given level in the variance of the shocks, the serial correlation in the shocks is high enough. Moreover, as it is the case with technology shocks, the persistence in the fiscal shocks is a crucial factor for determining the relationship between growth and volatility.
Finally, we show that the institutional features of the labour market are also important. Not only money shocks, and their variance, have real effects only with nominal wage setting, but the effect of technological variability is higher under nominal wage setting, while the volatility of the fiscal has larger effects on growth in a competitive labour market.
Coming to our solution techniques, it is common practice in macroeconomics to solve nonlinear dynamic stochastic systems using linear methods. However, these methods are not suitable to study the effects of the volatility of the exogenous shocks in complex dynamics environments, since by adopting a linear method all the second order effects will be wiped off. Until recently, this has constrained the literature jointly analysing business cycles and growth to the use of models that could be solved analytically. However some methodological contributions have appeared recently that allow researchers to circumvent this limitation. To evaluate the effects of the volatility of shocks on the endogenous variables of our model we use the perturbation method proposed by Schmitt-Grohé and Uribe (2004), which amounts to a second-order Taylor approximation around a deterministic steady state. 4 To better understand the interplay between model specification, volatility, and growth, after presenting the model we consider an analytically solvable special case, which is helpful in interpreting the results. We also conduct two types of sensitivity analysis: we vary some preference and technological parameters and consider alternative decompositions of the shock volatility between innovation variance and autocorrelation. 
The Model
We consider an artificial economy in which there are constant populations (normalised to one) of identical, immortal households and identical, competitive firms. Time is discrete and indexed by t = 0, 1...∞.
Firms
The representative firm combines N t units of labour with K t units of capital to produce Y t units of output according to
where C b and ρ b are constants. The shock ε b,t is assumed to be identically and independently distributed with mean zero, variance equal to σ and bounded support.
The term K t represents an index of knowledge which is freely available to all firms and which is acquired through serendipitous learning-by-doing, as in the classic Romer Labour and capital are hired from households at the real wage rate Wt Pt and real rental rate R t , respectively, where W t is the nominal wage and P t is the price of output.
Profit maximisation implies that factors are paid at their marginal productivity:
where δ is the depreciation rate and the second equalities in the expressions above are the result of a symmetry assumption for firms.
Households
The representative household derives lifetime utility, U , according to
where C t denotes consumption,
Mt Pt
denotes real money balances and L t denotes labour.
We choose a logarithmic specification for utility because it is consistent with additive separability in consumption and leisure, which makes it easier to clarify the mechanisms we are studying. It is also suggested by recent estimates. 5 To generate 5 The literature on estimation of the IES uses a wide variety of models and data sets. Using the US aggregate consumption data, Hall (1988) found that expected interest rates had no effect on consumption growth. Attanasio and Weber (1993) showed evidence of aggregation bias in testing the Euler equation with aggregate data. Beaudry and van Wincoop (1996) also showed that aggregate data were uninformative in the point estimate of the IES and used a panel of state-level data to conclude that the IES estimate was probably close to one. More recently Vissing-Jorgensen and Attanasio (2003) and Mulligan (2004) results are roughly consistent with log utility specifications. a demand function for money, we adopt the familiar short-cut device of introducing money directly into the utility function, rather than specifying explicitly a separate transactions technology. The quantity M t−1 is understood to denote beginning-ofperiod t (i.e., end-of-period t − 1) nominal cash balances which are augmented by a proportional monetary transfer, a t . 6 We assume that the disturbance is governed by the following process:
The shock ε a,t is assumed to be identically and independently distributed with mean zero, variance equal to σ 2 εa and bounded support. C a is a constant, the scalar ρ a is assumed to be less than one. Defining Z t as real assets, the budget constraint for the household is given by
where Z t represents wealth and S t is lump-sum taxation.
Each household confronts the problem of maximising the expected value of intertemporal utility in (5), subject to the sequence of budget constraints in (7) and initial conditions for Z 0 and M 0 . The information set conditioning expectations consists of the values of all parameters, the current and past values of all variables and the probability distributions of all shocks. The problem is solved, in part, by choosing plans for consumption, money balances and asset holdings that satisfy the following conditions:
and
Using the transversality condition lim τ →∞ β τ E t M t+τ −1 a t+τ P t+τ C t+τ = 0, equation (9) can be solved forward to give:
We consider two alternative scenarios for the labour market. In the first scenario, expected utility, taking into account the constraint given by labour demand. The optimality condition for the nominal wage is found to be:
Hence in equilibrium the marginal expected benefit of working is equal to the expected cost. In the second scenario, the labour market is perfectly competitive.
Labour supply turns out to be:
From (12) we can see that the Frish elasticity (FELS) is equal to 1/(η −1). Households' equilibrium is now characterised completely by the first-order conditions in (8) and (10), the optimal condition for the nominal wage (11) or for labour supply (12), the budget constraint in (7), the initial conditions for money holdings and financial wealth and the transversality conditions:
General Equilibrium
The solution of the model is computed by combining the equilibrium conditions for households listed above, with the profit maximization condition for firms (3) and (4), the market clearing conditions for capital, K t = Z t , for labour, N t = L t , for goods,
and for the money market. Money supply, H t , moves in conformance with:
The equilibrium condition for the money market is then M t = H t .
We assume that the government runs a continuously balanced budget, so that
Government expenditure is assumed to evolve according to:
The shock ε u,t is assumed to be identically and independently distributed with mean zero, variance equal to σ 2 εu and bounded support, C u is a constant and the scalar ρ u is assumed to be less than one.
The labour market equilibrium condition with nominal wage setting can be rewrit-ten as (derivation in the Appendix):
When the labour market is competitive, its equilibrium condition, obtained just by equating labor demand (3) and labour supply (12) is:
Some Analytical Results
To pin down some of the mechanisms relating growth and uncertainty, in this section we consider a set of very restrictive assumptions under which the model admits a closed form solution. The findings in this section will be useful in interpreting the results we get by simulation in the extended model. When δ = 1 and the fiscal shock u t is i.i.d., the following relationship, derived in the appendix, holds:
where κ ≡ (1 − α)β, and u ≡ E t u t+i for i = 1, 2..∞. This implies that the rate of investment is a decreasing and convex function of the fiscal shocks and therefore will increase on average when the variance of the shocks increases, by Jensen's inequality.
We'll label this the 'precautionary saving effect'.
Money Wage Setting
Consider the nominal wage setting scenario. Assume that η = 1, and that all shocks are i.i.d and uncorrelated. We can then derive (see the Appendix):
where a ≡ Ea t+i for i = 1, 2...∞. Labour is an increasing linear function of the fiscal and the money shock. In fact both shocks cause an increase in aggregate demand and therefore in labour demand.
We can now state the following: 
Proof. See Appendix.
As we have seen, given the assumed specifications of preferences and technology, the TFP shock has no effect on the marginal choice between leisure and consumption or on the time path of consumption. Growth is then a linear function of the technology shock b t+1 , through a direct effect on the production function. This means that the variance of this shock will not affect average growth. Growth is instead a strictly concave function of the monetary shock, so its variance will have a negative effect on average growth. The term inside the large parenthesis in (21) is just L t+1 . Even if expected labour is not affected by σ 2 a , as from (20) labour is a linear function of the money shock, however, through the diminishing marginal productivity of labour, i.e. since α < 1, the expected rate of growth will be affected by σ 2 a . We could label this the 'diminishing returns to labour' effect. The effects of a mean-preserving spread in the distribution of the fiscal shocks are less immediately readable from (21) : the rate of growth is in fact a concave function of the current realizations of the shocks -again through the 'diminishing returns to labour' effect -but a convex function of the lagged realizations of the shocks -through the rate of investment, as can be seen from (19) .
Calculating a second-order approximation of the rate of output growth as in (21) and taking expectations we get:
with A ≡ bκ
We conclude that an increase in σ 2 u causes an increase in precautionary savings which more than offsets the 'diminishing returns to labour effect': the net effect on expected growth is positive.
Competitive Labour Market
When the labour market is competitive equilibrium employment is given by (the derivation is in the Appendix):
By comparing (20) and (23) we see that employment will be higher than in the presence of unions, i.e. when labour is sold monopolistically. Labour is an increasing and concave function of u t . This means that a mean-preserving spread in the distributions of the fiscal shock will induce employment to decrease on average. The effects of volatility on expected labour are referred in the rest of the paper as 'employment effects'. We are now ready for: 
As in the previous case, growth is a linear function of the technology shock b t+1 , so the variance of this shock will not affect unconditional average growth. The fiscal shocks enter (24) in a fashion analogous to that in which they enter (21), so we expect the effects of an increase in σ 2 u to be similar to those we have seen in the economy with unions. In fact we have the following approximation:
with B ≡ bκ
Intuitively, as in the previous case, an increase in σ 2 u causes an increase in precautionary savings which more than offsets the negative 'employment' and 'diminishing returns to labour' effects. We can also notice that expected growth will be higher than when labour is sold monopolistically (by comparing A and B with η = 1) and that the positive effect of volatility on growth will be higher as well (by comparing A u and B u with η = 1).
Simulating the Model
In order to study the effects of volatility of the exogenous shocks on growth in the general case the model is solved following the numerical method based on accurate second-order approximation to the policy functions representing the optimum paths for the control and the endogenous state variables devised by Schmitt-Grohé and Uribe (2004). 
Inducing Stationarity
In this economy a number of variables, such as output, consumption etc. will not be stationary along the balanced-growth path. We therefore perform a change of variables, so as to obtain a set of equilibrium conditions that involve only stationary variables. We note that non stationary variables at time t are cointegrated with K t , while the same variables at time t+1 are cointegrated with K t+1 . We divide variables by the appropriate cointegrating factor and denote the corresponding stationary variables with lowercase letters.
Using (15), the economy wide resource constraint can be written as:
where c t ≡
Ct Kt
and g t+1 = C t+1 Ct − 1 i.e. g t indicates consumption growth.
Using (4) and (9), the Euler equation becomes:
Equation (10) can be written as:
7 Kim et al. (2003) propose an alternative algorithm for calculating second order approximations to the solutions to nonlinear stochastic rational expectation models based on the "state free" ap- . Equation (10) also tells us that inflation π t+1 = P t+1 Pt − 1 evolves according to:
Coming to the labour market equilibrium, (17) in terms of stationary variables becomes:
and (18) becomes:
A stationary competitive equilibrium is a set of stationary processes {c t , g t , m pt , π t , L t } satisfying (26), (27) , (28), (29), and (30) (in case of monopolistic wage setting) or (31) (if the labour market is competitive), given the exogenous stochastic processes {a t , b t , u t } and the transversality conditions:
Deterministic Balanced Growth Path
We have now to pin down the deterministic balanced growth path equilibrium, which will be the centre of our approximation. To indicate steady-state variables we drop the time subscript, i.e. x is the steady state value of the generic variable x t . We have the following steady-state relationships:
If the labour market is competitive instead of (36) we have
Finally, from (2), (6) and (16):
We will study the implications of higher uncertainty on growth considering first the case of monopolistic nominal wage setting, and then the case of a competitive labour market.
Calibration
To implement the simulation method we have to choose values for the parameters appearing in the equations. The time period in the model is assumed to be one year.
For some of these parameters, estimates are available in the empirical literature, others are chosen in order to make the steady-state values of the variables consistent with the data of the US economy. For each parameter we choose a benchmark value. To check for the robustness of our results we then consider a range of other possible values for some of the parameters, fixing the other parameters at their benchmark level.
The baseline calibration of the model is reported in Table 1 (2005) the value for the non-stochastic growth rate of consumption is set to 2%.
Volatility and Growth under Monopolistic Wage Setting
We first consider the effects of nominal and real volatility on growth under the assumption that the nominal wage is set by a monopolistic union prior to the realisations of shocks. In this case monetary shocks and their variance have real effects. Tables 2-4 report the effects of the volatility of the exogenous shocks on mean consumption growth, E(g). We also report the standard deviations of the growth rate of output, σ g , and of each relevant shock, σ a , σ b , σ u in turn. The first row of each the labour supply coefficient η, the subjective discount factor β, the rate of capital depreciation δ, and the steady-state employment level L. Table 2 shows that increased monetary policy variability results in lower growth and a lower level of equilibrium employment. First we notice that, given equation (27) and abstracting from the real shocks, up to a first order the rate of growth goes up if labour goes up as well. So we first focus on this variable to interpret this result. In particular, the employment rate will be lower the higher is η. Our intuitive explanation is built around the optimal condition for the nominal wage (11). We can see that for given price level and consumption, the wage is the ratio of the expected value of a convex function of employment and of the expected value of a linear function of employment.
Monetary Shocks Volatility
So for a given level of employment, if the variance of employment increases, then the numerator will increase more than the denominator, pushing up the target real wage, or in other terms, through labour demand, pushing down equilibrium employment.
So we have 'target real wage effect', involving a negative 'employment effect'. Notice however that, by (3), labour demand is a convex function of the real wage, so that an increase in the variability of the real wage tends, through this mechanism, to increase employment. This is the 'labour demand effect'.
The sign of the relationship between nominal volatility and consumption growth tends to be positive for low values of the coefficient η. Intuitively, the lower is η the weaker the 'target real wage effect' and the implied 'employment effect', as Table 2 shows. The sum of the positive 'precautionary saving effect' and 'labour demand effect' then prevails. Looking again at (27) from a different angle, we have to consider that the expression on the right hand side is concave in labour and convex in growth, so an increase in the variance of labour moves the expression down and an increase in the variance of growth moves it up, making it possible for labour and growth to move in opposite directions with increased uncertainty (in Table 2 this is seen to happen for
Conversely, the higher η, the larger in absolute value are the negative effects produced by monetary volatility on the unconditional mean of consumption growth. In fact, the lower the FELS, the higher the positive response of the nominal wage to the variance of the monetary shock i.e. the 'target real wage effect', and, as a consequence, the stronger the negative 'employment' effect, which dominates the positive 'precautionary saving effect' and 'labour demand effect'.
Finally, we notice that the persistence of the monetary shock has no effect on the relationships derived, which is explained by the fact that in the model only money surprises have real effects. In fact this also explains the fact that an increase in the variance of the monetary shock has negligible effects on the variance of growth. As we will seen when the coefficient of autocorrelation is set to zero the effect of their variance on growth volatility is negligible for all shocks. If the model had featured for instance staggered wage contracts, monetary shocks would have had more persistent effects and money shocks volatility would have had bigger effects on growth volatility:
including such mechanisms in the model is a direction for future research. Table 3 shows that in the presence of technological variability uncertainty increases average consumption growth and average employment. This is partly due to the convexity of labour demand with respect not only to real wage, as described above, but also with respect to b t , as easily readable from (3). These two 'labour demand effects' prevail over the 'target real wage effect', so employment on average goes up. The largest impact of uncertainty upon growth is observed for low levels of the parameter η: when η is high the 'target real wage effect' tends to dampen the 'labour demand effects' and the 'precautionary saving' effect.
Technological Shocks Volatility
We observe that changes in the variability of the innovation, σ ε b , have a larger impact on the unconditional mean of growth rates than changes in the persistence of the shock, ρ b . Nevertheless, both sources of volatility have a monotonically increasing effect on the average growth rate. Table 3 also shows how expected growth changes when the autocorrelation coefficient in the exogenous state variable changes, while keeping its variance fixed. This means that even if technological uncertainty in itself increases growth, however a negative correlation between growth and its variance may be detected in the data. This shows that it could be important in empirical analysis to decompose total variability into a pure 'risk' element, due to the innovation variance, and the increase in persistence, which is a predictable element, a point raised in Wolf (2005).
Fiscal Shocks Volatility
The interplay between the various effects of uncertainty, i.e the positive ones (through precautionary savings and the convexity of labor demand with respect to the real wage) and the negative one (through the higher target real wage) is particularly difficult to disentangle in the case of fiscal shocks. Table 4 shows that consumption growth increases as fiscal variability rises if the FELS if is sufficiently high, and if the coefficient of autocorrelation of fiscal shocks is lower than 0.95.
We notice however that varying the serial correlation of the fiscal shock has a non-linear effect on average growth rate: we observe first a positive, then a negative relationship. Similarly, even for a high FELS (η = 1.5), fixing the variance of the shock at its benchmark value, if the autocorrelation of the shocks is above 0.7 expected growth will be decreasing in ρ u , while its standard deviation will be increasing so, as in the case of the technological shock, a negative correlation between growth and its variance will appear empirically even for configurations of parameters conductive to higher growth under uncertainty. This shows the importance in applied work to separate expected volatility from unexpected volatility.
The Effect of the Frisch Elasticity of Labour
From the above results it clearly emerges that the size of the Frisch (compensated) elasticity of labour supply is a crucial parameter in determining the effects of real and nominal volatility. We recall that available estimates from micro data vary widely, due to measurement errors and sample selection bias problems, but most surveys For high values of the parameter η we observe that uncertainty has a negative effect on growth in the case of money and fiscal shocks, while the positive effect is lowered by a high value of η in the case of the technology shock. We also notice that the relationship between mean growth rates and volatility is monotonic for each shock.
Volatility and Growth in a Competitive Labour Market
Consider now the effects of uncertainty on average growth under competitive labour markets with flexible wages. Tables 5-6 present the effects of the volatility of the real shocks on the unconditional mean of consumption growth, E(g), and on mean employment, E(L).
Close inspection of the results reveals that in general the sign of the relationship between the volatility of the shocks and average consumption growth is not affected by the labour market wage setting mechanism, however the magnitude of the observed effects may change considerably. Table 5 shows that the effects of uncertainty of the technology shock are still positive with a competitive labour market, but the size of the effects is systematically lower than in a monopolistic market with nominal rigidities.
When we vary the persistence of the technology shock, ρ b , holding σ b and all other parameters fixed, again we observe a non-linearity, with expected growth and its volatility being negatively related for ρ b > 0.7.
Larger positive effects are instead observed under a competitive labour market when the source of economic fluctuation is given by fiscal policy (see Table 6 ): this confirm the result we found in the analytic setting. As seen in the case of nominal wage rigidities expected growth is lower than in a deterministic case for a high value of the shock autocorrelation. Again we study how expected growth changes when the autocorrelation coefficient in the fiscal shock changes, while keeping its variance fixed. Note that again increasing the autocorrelation coefficient of the exogenous fiscal process has a non-linear effect on the average growth rate E(g).
Finally we observe that, as in the case of monopolistic wage setting, the effect of uncertainty on consumption growth varies with the parameter η affecting the FELS.
The lower the FELS, the lower the positive effect of a given amount of uncertainty upon growth. In particular, Figures 4-5 plot consumption growth rates as a function of the serial correlations for each shock when a higher value of η is considered, keeping all other parameters constant. We observe that when volatility is due to the fiscal shock, for a lower FELS there is a wider gap between the effects on growth rates produced by uncertainty under monopolistic nominal wage setting and those observed in a competitive labour market. Unsurprisingly the role played by labour market institutions in affecting the relationship between growth and volatility tends to be higher, the lower the FELS.
Concluding Remarks
In this paper we explore the links between short-run (cyclical) phenomena and long-run technological trend of output. The study of the issue has important policy implications as it opens the possibility that stabilization policies affect the long-run performance of the economy, with cumulative effects.
The impact of volatility on economic growth has been the subject of considerable investigation in the empirical literature. However, the evidence provided on the variability-growth relationship is mixed, withe cross-section studies finding a negative correlation and time-series studies finding a positive correlation, especially when nominal volatility is jointly considered. Our results help in part to explain this evidence:
in fact in the model presented the relationship between growth and volatility depends on the source of the stochastic fluctuations in the economy.
A key role is also played by the Frisch elasticity of labour supply and by labour market institutions. We observe that in general consumption growth is adversely affected by the volatility of the money supply shock, unless the Frisch elasticity of labour supply is low (but still consistent with available estimates). Conversely, the volatility of the technological shock has a positive impact on growth: however this will not always determine an observed positive correlation between growth and its standard deviation, unless the innovation variance is isolated from the predictable component of volatility. Finally, the volatility of government spending will have a negative effect on growth for low enough values of the Frisch elasticity and/or for a high enough degree of serial correlation in the process governing the shocks.
Coming to the effect of the organization of the labour market, we show that money volatility will have a negative effect on growth in the presence of nominal wage setting, while the effect of technology variability will be stronger and those of fiscal volatility weaker than with a competitive labour market.
Our analysis is intended to be a first step towards a deeper understanding of the interplay between short-run macroeconomic fluctuations and long-run growth. The study of the role of stabilising policies aimed at reducing stochastic fluctuations and promoting growth provides a fruitful direction for future research. From our analysis it clearly emerges, in fact, that there may exist a conflict between short-term stabilisation objectives and long-term growth depending on the source of the fluctuations.
Appendix
Derivation of (17): When L t = N t using (10) we can rewrite (11) as: (3) and (10) we get
. Eliminating W t from these two equations we get:
which gives us (17) considering:
Derivation of (19) : When δ = 100% we have:
where the second equality comes from (4). We can then write (8) as:
When u t is i.i.d. (and uncorrelated with each other) we can write E t u t+i ≡ u for all i = 1, 2..n. Iterating and considering the transversality condition we then have:
where κ ≡ α(1 − β). Using: C t (1 + u t ) + K t+1 = Y t we can easily derive (19) and:
Derivation of (20): Combining (10) and (43) we have:
Using (3) and rearranging we have:
We can then compute:
Using (43), (11) can be rewritten as:
The second equality is obtained using (3) . Finally, using the assumed properties of the distribution of the shock u t we have
, using which in (45) we arrive to:
To proceed further we assume η = 1.
8 Assuming ρ a = 0 and ρ λ = 0, the expression above becomes:
This, using (44) , can be rewritten as (20) .
Proof of Proposition 1:
Using the production function to write
and the expression for Y t in terms of K t+1 given by (19) , we can write the rate of growth of output as:
Substituting (20) in (46) we find (21) .
Derivation of (23): If we combine (43) and (12), while considering that labour income is α times total income, we get (23).
Proof of Proposition 2:
Substituting (23) in (46) we have (24). The effect of ρ a on growth rates The effect of ρ a on growth rates The effect of η on the relationship
between volatility and growth η = 1.2 2.0012 0.0000 0.1999 0.0000 η = 3
1.9912 0.0000 0.1998 0.0000 η = 5
1.9802 0.0000 0.1996 0.0000 The effect of σ ε b on growth rates The effect of ρ b on growth rates The effect of ρ b on growth rates The effect of σ εu on growth rates The effect of ρ u on growth rates The effect of ρ u on growth rates The effect of σ ε b on growth rates The effect of ρ b on growth rates The effect of ρ b on growth rates The effect of ρ u on growth rates The effect of ρ u on growth rates 
